The aim of the present study was to explore the effect of 3 different rearing systems (freerange [FR], semi-intensive [SI], and confinement) on egg quality traits in 4 varieties of Aseel hens (Lakha, Mushki, Peshawari, and Sindhi). A total of 252, 29-week-old Aseel hens was allotted to 12 treatment groups, in a 3 × 4 factorial arrangement under randomized complete block design, replicated 3 times with 7 birds each. Data regarding egg physical and internal quality traits were recorded fortnightly and analyzed by using the ANOVA technique under a factorial arrangement. The results indicated higher (P < 0.05) egg weight, length, breadth, volume, and surface area in Sindhi, whereas shape index and Haugh unit score were found to be greater in Lakha. Rearing systems revealed similar effects (P > 0.05) on egg quality traits. Interaction of the rearing system and Aseel variety exhibited variations (P < 0.05) in egg length, breadth, volume, and surface area, whereas shape index, eggshell thickness, Haugh unit, and yolk index remained unaffected (P > 0.05). It can be concluded that Sindhi and Lakha hens demonstrated better egg physical and internal qualities. Likewise, no adverse effect of the FR system on egg quality was observed, and small poultry farmers can raise Aseel hens in alternative rearing systems (SI and FR) to earn their livelihoods.
DESCRIPTION OF PROBLEM
Egg quality is of great significance to the egg industry as egg configuration affects hatching traits, including hatchability and chick weight. Embryonic development and successful hatching are highly dependent on egg morphometric and internal quality characteristics [1] . Internal egg quality relies mainly on albumen thickness and yolk integrity, which is important both for 1 Corresponding author: pdomultan@gmail.com hatching and table quality eggs [2] affecting consumers' acceptance. That is why poultry breeding companies give much importance to beneficial egg quality traits [3] . Eggshells must be intact enough, avoiding hair-like cracks during handling, allowing gaseous exchange and facilitating pipping during the hatching process [1] .
Quite recently, free-range (FR) and semiintensive (SI) rearing systems have gained much attention due to growing public concern about intensive housing, confinement (CF), and cage systems, which restrict the movement of birds, 1 ABW = average body weight of hen (g). 2 AEN = average egg number per cycle. 3 AEW = average egg weight (g). 4 Important citations are given.
preventing their normal behavior [4] . Rearing systems put forth substantial effects on egg quality as birds in FR systems produce eggs with different morphometric and internal quality traits, assimilating natural nutrients in eggs and influencing its nutritional profile [5] . Several factors, including feeding regimen, production system, and genotype, have direct effects on egg quality traits [6] . Moreover, ambient microclimate and nutritional factors in FR systems are considered to influence egg quality [5, 7] . Various species [2] , strains [6, 8] , and genetic groups of poultry [9] lay eggs with different morphometric and internal quality traits. The FR and SI systems are viable alternatives to intensive rearing systems for better returns to small farmers for their households and help in breaking the ferocious poverty cycle in tribal nomadic folks [10] . The native chicken breeds maintained in rural areas of Pakistan mainly include Aseel, Naked neck, Lyallpur silver black (LSB), and Desi (non-descript). In contrast, the exotic breeds like Fayoumi and Rhode Island Red, and their crosses, are also reared by the small farmers [11] . Naturally produced chicken and eggs are preferred by the consumers; therefore, small farmers select the robust and well-adapted chicken breeds for alternative rearing systems [12] . A large population of indigenous chicken inhabits rural areas of developing countries in Africa and Asia. In the tropical regions, local chicken populations are identified, characterized, and referred to as ecotypes or native breeds, based on the agro-ecosystem, and the main markets targeted (Table 1) . Geographical location, color patterns, and the standards devised by humans determine the genetic divergence in local chicken breeds [13] .
In the Indo-Pak subcontinent, Aseel maintains a special place owing to its hardy nature and improved adaptability in local climatic conditions. An upright posture, small wattles, pea comb, prominent shoulders, narrow sternum, hard muscular thighs with strong legs, majestic gait, pugnacity, and dogged fighting stamina are the characteristics of Aseel. Its size is about 28 inches from back to toe, which is the biggest among all the native chickens of the Indo-Pak sub-continent. Aseel is referred to among the ancestors of Cornish and Plymouth Rock, the parents of today's modern broiler [14] . Mainly 16 Aseel varieties are indigenous to Pakistan (M. S. Khan, Univ. Agric. Faisalabad: personal communication), where Lakha, Mianwali, Mushki, and Sindhi are famous for their robustness and heavier BW than Peshawari, which is, compar-atively, elegant and light in weight [15, 16] . Aseel is usually considered a scavenging rural backyard breed, which may be used in alternative rearing systems (FR and SI). However, no work has been done so far, to the best of our knowledge, to assess the effect of FR environments on egg morphometry and internal quality traits in the Aseel breed. Hence, a study was designed to evaluate the effects of different rearing systems, i.e. FR, SI, and CF, on egg quality traits in 4 varieties of Aseel hens (Lakha, Mushki, Peshawari, and Sindhi).
MATERIALS AND METHODS

Experimental Site and Ethics
The present study was conducted at the Indigenous Chicken Genetic Resource Center (IC-GRC), Department of Poultry Production, Ravi Campus, University of Veterinary and Animal Sciences (UVAS), Lahore, for a 16-week duration (wk 31 to wk 46), during the mo of August to November 2015. Experimental procedures were in compliance with the guidelines and code of practice of UVAS, Lahore. Ethical approval was sanctioned before the conduct of the experiment.
Birds, Housing, and Rearing Systems
In total, 252 Aseel hens comprising 4 varieties, 63 from each, were allotted to 12 treatment groups, in a 3 × 4 (rearing system × Aseel variety) factorial arrangement with 3 replicates having 7 birds each (84 birds in each rearing system; 36 total replicates; 21 birds per treatment group), under a randomized complete block design (RCBD). All the experimental birds were tagged for identification and given an adjustment period of 2 wk (wk 29, 30). Experimental set up consisted of an open-sided poultry house with east to west dimensions measuring 6.1 × 6.1 m (37.21 m 2 ), having a gate opening towards the north in the FR system. Hens under CF and SI systems were maintained in 2 rows of 3-tiered laying cages, each measuring 5.18 × 1.52 m (47.24 m 2 , stocking density = 3.56 birds/m 2 ), with a steep wire floor to support egg collection. An automatic nipple drinking system was available inside, and removable dropping trays were fitted under the mesh floor for the removal of fecal material from cages. Hens were maintained in cage units, each measuring 0.36 × 0.75 × 0.61 m (length × width × height) to get separate records of egg production in each treatment group. Trough feeders were available in front of the cage units for feeding the birds individually. During the laying span, a photoperiod of 16L:8D (0600-2200 h) was followed in all the rearing systems. Natural light was available through a window until nightfall and subsequently artificial light was provided to the laying hens. Duration and intensity of light remained similar in all the rearing systems.
A free-range area of 22 × 46 m (located adjacent to the open-sided laying house) was available for FR and SI rearing systems (stocking density = 0.17 birds/m 2 ) and it was enriched with seasonal vegetation (cereals, pulses, cowpeas, and lentils), organic matter, and shady trees. A nipple drinking system and nest boxes were available in each treatment group. Replication in FR and SI systems was done with the help of a fish net, and the FR area was surrounded by a 2.44 m high enclosure of steel wire mesh to protect the birds from predators. Hens under the CF system remained 24 h in cages with 100% allowance of broiler breeder layer ration (0600 h) formulated according to the recommendations of the NRC [17] with 15.04% CP, 2,682 kcal/kg ME, 2.81% calcium, and 0.34% phosphorus ( Table 2) . Hens under the SI rearing system had 4 h access to the FR area (0800-1200 h) and subsequently they were directed to the specified cages (1200-0800 h) and offered 50% feed allowance of the same ration (1800 h). However, the hens under the FR system had 8 h access to the FR area (0800-1600 h). In the evening, they were shepherded to the house floor (1600-0800 h, stocking density = 3.91 birds/m 2 ) with rice husk as bedding material (20 cm), fitted with the nipple drinking system, and offered 25% feed allowance (1800 h) in removable trough feeders [18] .
The average daily outdoor and indoor temperature (25 • C, range 19 to 31
• C) and RH (45 to 60% ) were identical among the rearing systems. The same prophylaxis, sanitary, and managerial protocols were followed in FR, SI, and CF rearing systems. The experimental birds were vaccinated (intra-ocular) against Newcas- tle disease (ND) and infectious bronchitis (IB) at wk 29, under the supervision of a qualified veterinarian, and the same vaccination procedure was repeated at 6-week intervals. Deworming of the birds was done before the onset of the experiment (wk 30). Eggs were collected 3 times a d (0900 h, 1200 h, and 1600 h) and screened for cracks, physical deformities, and fecal stains. Only the intact eggs were tagged, indicating batch number, laying date, and treatment group, respectively. All the eggs were stored in an egg storage cabinet (Varioline Pvt. Ltd) maintaining a constant temperature (12 • C, range 9 to 15
• C) and RH (70 to 80% ).
Sampling for Egg Quality
A total of 72 eggs was randomly picked (6 eggs per treatment group) to assess egg morphometric and internal quality traits at each fortnight end. Egg weight was taken using a digital balance capable of measuring nearest to 0.01 g accuracy. Egg length and breadth were measured by the digital vernier caliper with the capacity of measuring up to 0.01 cm. From these measurements, shape index was taken as the ratio between egg breadth and length, according to the method adopted by Anderson et al. [6] . Egg volume and surface area were calculated by applying 2 separate formulae for each parameter and taking the average of the results as described by Etches [19] . Breakout analysis was executed by carefully pouring the egg contents into a Petri dish. Eggshell thickness was determined both with and without vitelline membranes, taking the average of the measurements, separately, at 3 different places by using a dial pipe gauge, without cracking the shell. Haugh unit score was determined by using egg weight and albumen height and by applying the following formula:
Haugh unit = 100 × log (H −1.7W 0.37 + 7.6).
Yolk height and width (diameter) were determined with the help of a digital vernier caliper and the average of 3 measurements was taken as a single observation, and yolk index was obtained by applying the following formula:
Statistical Analysis
The data were subjected to 2-way ANOVA under factorial arrangement, taking the rearing systems and Aseel varieties as independent variables and all the parameters as dependent variables, using the general linear model (GLM) procedure of SAS 9.1 [20] . Interaction of rearing system and Aseel variety was examined for significance only. Each treatment group was regarded as an experimental unit. Means among treatments were differentiated through Duncan's Multiple Range test [20] by setting the level of statistical significance at 5% probability. The CV for egg weight was calculated to express the degree of evenness and data were verified for the normality.
The mathematical model used was:
where Y ijk = Observed response of the bird (egg) in each treatment group; μ = Overall 1 L = egg length; B = egg breadth; V = egg volume; S = egg surface area; I = egg shape index. 2 RS = rearing system; FR = free-range; SI = semi-intensive; CF = confinement; AV = Aseel variety. 3 Each value represents the mean of 3 replicates of 6 eggs in each treatment group. 4 Each value represents the mean of 4 replicates of 6 eggs in each treatment group. 5 NS = P > 0.05.
mean; R i = Effect of rearing system; V j = Effect of Aseel variety; (R × V) ij = Interaction in rearing system and Aseel variety; and ε ijk = Residual error when the treatment group was considered as an experimental unit.
RESULTS AND DISCUSSION
Egg Length and Breadth
Aseel varieties separately and in interaction with the rearing systems indicated variations in egg length and egg breadth (Table 3) , whereas rearing systems independently remained unresponsive in that regard (P = 0.6343, P = 0.3119). Sindhi hens produced eggs with the highest (P < 0.05) egg length and breadth as compared with those of Lakha. Genetic difference and variations in BW among different Aseel varieties might be the plausible reason behind varying egg length and breadth, as it was reported that various strains or varieties with different BW produced eggs of varying weights and sizes [21] , and lengths and breadths [22] . These results were supported by a recent study conducted on Aseel varieties indicating variations in egg length and breadth [15] . Similarly, various studies on different breeds [23] or genotypes [9] reported discrepancies in egg length and breadth. Likewise, it also was reported that different parent lines or poultry breeds laid eggs with varying lengths and breadths [24] .
Egg Volume and Surface Area
Aseel varieties separately and in interaction with the rearing systems showed significant effects (P < 0.05) on egg volume and surface area. However, with respect to rearing systems, volume and surface area remained similar (P = 0.1290, P = 0.1187). Sindhi hens laid eggs with the highest volume and surface area followed by those of Mushki, Peshawari, and Lakha. Interaction of rearing system and Aseel variety clearly indicated disparity (P < 0.05) in volume and surface area under different rearing systems. Eggs laid by brown breeder hens had a higher volume and surface area compared with those of white ones [8] , strengthening the logic that volume and surface area vary from strain to strain [6] or breed to breed [25] . Our results disagreed with those of Hidalgo et al. [26] who indicated the largest surface area in FR eggs and the smallest in cage ones. 
Egg Shape Index
Egg shape index is a good indicator of its physical appearance and external quality [9] . Aseel varieties alone indicated pronounced effects (P < 0.05) on shape index (Table 3) . In Lakha hens, shape index was found to be greater than those of Mushki and Sindhi. However, different rearing systems independently (P = 0.9065) and in interaction with the varieties showed no clear difference in means of shape index (P = 0.4526). Dukic-Stojcic et al.
[27] also observed no significant effect of different rearing systems on shape index. Previously, in some studies, it was reported that genetic makeup of different varieties might have caused discrepancies in shape index, indicating that genotype affected shape index [5, 8] . Moreover, it is speculated that lower egg length in Lakha hens might have resulted in higher shape index. Substantiating the present results, a recently conducted study on Aseel varieties quoted variations in shape index as well [15] . The results on shape index were further supported by those of other studies on different breeds [9] or genotypes [28], which revealed difference in shape indices among poultry breeds. Significant effect of variety on shape index in our results was supported by the findings of Van Den Brand et al.
[5] and Rayan et al. [8] who reported greater shape index in brown layers than the white ones. Various other studies, similarly, endorsed the above view, verifying that shape index varies from breed to breed [9, 24] .
Egg Weight
Variations in egg weight were observed (P < 0.05) with respect to different varieties and their interaction with the rearing systems, whereas rearing systems alone remained unresponsive (P = 0.1501). Sindhi hens produced eggs with the heaviest weight ( Table 4) followed by those of Mushki, Peshawari, and Lakha, respectively. Sindhi Aseel is characterized by its heavier weight; therefore, greater egg weight in Sindhi hens might be correlated to their higher BW. Similar to these findings, differences in egg weights among various breeds [28] or genotypes [23, 25] already have been reported. Various other studies demonstrated that different breeds had distinct effects on egg weight [28] . The current findings on egg weight under different rearing systems were endorsed by those of Rayan et al. [8] who reported no variation in egg weight when performance of hens in FR and cages was compared. Similarly, cages, barns, and FR systems were compared, showing no effect on egg weight [29] . However, heavier eggs were obtained from the hens maintained on litter as compared with those of alternative systems [30] . Interaction of rearing system and Aseel variety clearly indicated disparity (P < 0.05) in egg weight.
Eggshell Thickness
In the current study, eggshell thickness (both with and without membrane) remained unaffected among different rearing systems (P = 0.8664, P = 0.9227), Aseel varieties (P = 0.6457, P = 0.2156), and in their interaction as well (P = 0.5433, P = 0.5312). Previous literature reported negligible differences in eggshell thickness between FR and CF or cage systems [5, 31] . The same response of different varieties on eggshell thickness was reported by Hocking et al. [32] who reported little or no effect of laying hen breeds on shell thickness. However, certain other studies contradicted the current findings, suggesting that shell thickness fluctuates among different genotypes [24] . It was speculated that eggshell thickness decreased in FR, but findings of the current study demonstrated comparable eggshell thickness in FR, which might be attributed to the fact that sunlight helps in vitamin D 3 formation, balancing the calcium requirements in hens through absorption, retention, and mobilization. A similar study, likewise, reported that different production systems had no obvious effect on eggshell thickness [27] , concluding that it remained unchanged in different rearing systems including aviary, FR, and CF or cage [33] .
Haugh Unit and Yolk Index
Haugh unit and yolk index are the major determinants of egg freshness and internal quality [34] . In the current study, varieties influenced (P < 0.05) Haugh unit score showing the highest value in Lakha hens as compared with those of Peshawari, Mushki, and Sindhi. However, rearing systems alone (P = 0.7869) and in interaction with the Aseel varieties remained unresponsive (P = 0.5114). No difference in Haugh unit values was observed when outdoor production systems were compared with CF/cage systems [31] . Many other studies reported negligible effects of production systems on Haugh unit values [35] . Likewise, Haugh unit score did not differ in hens when colony cages and conventional cage/CF systems were compared [36] . Discrepancies in Haugh unit score also were reported in another study on different breeds [28] . Similarly, it was established that Aseel and Naked-neck breeds influenced Haugh unit score highlighting the effect of genotype [24] . Moreover, it was reported that Haugh unit score varied from breed to breed [23] . However, present results contradicted the findings of Rajkumar [34] who reported no effect of genotype on Haugh unit value. Yolk index indicated similar patterns among Aseel varieties, rearing systems, and their interaction as well (P = 0.0705, P = 0.6622, and P = 0.1338). The current findings on yolk index were corroborated by a previous study demonstrating no obvious effect of genotype on yolk index [24] . On the other hand, lower yolk index was observed in Naked-neck genotypes as compared with the normal feathered birds [34] . The nongenetic factors affecting egg quality traits may be the nutrition, environment, storage conditions, stress level, behavioral activities of hens, or antibody titer against NDV and IBV. The egg related factors affecting its quality may be the shell integrity, yolk consistency, and albumen thickness, along with the variations in their function, composition, and nutritive value.
CONCLUSIONS AND APPLICATIONS
1. The results highlight that the Sindhi variety performed well, indicating the highest egg weight, length, breadth, volume, and surface area compared with Lakha, Mushki, and Peshawari, whereas Lakha hens revealed better Haugh unit and shape index. On the other hand, rearing systems demonstrated similar patterns on egg morphometry and internal quality. 2. On the basis of the above findings, it can be concluded that the FR system has no adverse effect on egg morphometric or internal quality traits, hence, Aseel hens owing to their scavenging and hardy nature with low mortality rate may be maintained in FR systems, helping the farmers in reviving a prestigious agro-based rural poultry culture, producing quality eggs and chickens, fetching premium returns from the elite class, and having livelihoods for their households. 3. Further studies are required to explore managerial and nutritional tools to enhance egg quality and synchronize egg production in Aseel hens, which may ameliorate their upcoming propagation and growth.
